Objective: We aimed to describe hospitalizations in the multiple sclerosis (MS) population, and to evaluate temporal trends in hospitalizations in the MS population compared to the general population.
Substantial changes in multiple sclerosis (MS) care have occurred over the last 20 years. Diagnostic criteria have changed, diagnostic delays are shorter, 1,2 and disease-modifying therapies were introduced. 3, 4 Despite these changes, little information is available regarding changes in health care utilization in the MS population. 5, 6 The annual frequency of hospitalizations in the MS population reportedly ranges from 2.7% to 25.8%. [7] [8] [9] [10] [11] [12] However, most prior studies were not population-based and relied on self-report. In British Columbia, Canada, hospitalization rates based on administrative data decreased by 1.4% annually in the MS population from 1986 to 2008 13 but were not compared to hospitalization rates in the general population, in which hospitalizations are declining. 14 The British Columbia study also found that hospital length of stay (LOS) increased over time, contrasting with an American study in which the mean LOS decreased from 1993 to 1998. 6 To understand the changing burden of MS on the health system, plan for future needs, and assess costs and benefits of emerging therapies, longitudinal studies of health care utilization are needed. We conducted a population-based study of rates of and reasons for hospitalization in the MS population vs a matched general population cohort over 25 years. We hypothesized that hospitalization rates are declining faster in the MS population than in the general population.
METHODS Data source. We used administrative (health claims) data from the Canadian province of Manitoba. Manitoba Health, the provincial health department, oversees health services delivery to 98% of the region's approximately 1.2 million residents 15, 16 and maintains electronic records of health services claims. A population registry is updated when an individual moves into or out of Manitoba or dies. Since 1984, all claims have included a unique personal health identification number identifying the person to whom the service was delivered. To protect confidentiality, data linkage was performed via scrambled personal health identification number using anonymized versions of these databases for the period 1984-2011.
Standard protocol approvals, registrations, and patient consents. The University of Manitoba Health Research Ethics
Board approved the study, and the Manitoba Health Information Privacy Committee approved data access.
Study populations. Using a validated case definition, 17 we identified Manitobans with MS from 1984 to 2011 as persons with $3 hospital, physician, or prescription claims for MS. We identified controls from the general population, excluding anyone with $1 ICD-9-CM/ICD-10-CA diagnostic code for any demyelinating disease (see supplemental methods on the Neurology ® Web site at Neurology.org). This ensured that individuals with one demyelinating event who might ultimately meet the case definition for MS were not misclassified as controls and allowed a distinct comparison between the MS and general populations. We selected up to 5 controls for each MS case, matched on sex, exact year of birth, and region of residence (postal code). For persons with MS we assigned the date of diagnosis (index date) as the date of the first demyelinating disease claim (e.g., optic neuritis), and we assigned the same date to their matched controls.
Outcomes. We focused on acute care hospitalizations, as this is the largest component of health resource use in industrialized countries. [18] [19] [20] [21] We used hospital claims to identify inpatient (overnight) hospitalizations after excluding admissions related to long-term care, respite, or pregnancy, as the factors that influence such admissions may differ from those influencing hospitalizations for acute illness. To avoid double counting hospitalizations related to transfers between facilities for continued care, overnight hospitalizations beginning within 61 day of another hospital discharge with the same primary or secondary diagnosis codes were considered part of the same hospitalization. 22 We determined the LOS for each hospitalization.
For the MS population, we classified hospitalizations as MS-related, possibly MS-related, and not MS-related (see appendix e-1 for details). Non-MS-related hospitalizations were classified according to ICD-10 chapters for the MS and matched populations.
Analyses. Continuous variables were summarized as mean (SD), while categorical variables were summarized as frequency (percent). We estimated the crude annual rate of hospitalizations per 100 person-years from 1984 to 2011. To estimate temporal changes in hospitalization rates, we used Poisson regression models with generalized estimating equations using an exchangeable correlation to account for repeated hospitalizations by individuals. We included the log of person-years as an offset in the models. Year was categorized into 5-year groups (1984-1989, 1990-1994, 1995-1999, 2000-2004, 2005-2009, and 2010-2011) . Covariates included sex (female as reference group); age at observation year categorized as ,40 years (reference group), 40-60 years, and .60 years to ensure adequate cell sizes; and socioeconomic status (SES) in quintiles. We determined SES by linking forward sortation area (first 3 digits of postal code) to Canadian census data in 2001 to determine median household income for the residential area. 23 We did not include a separate variable for region as forward sortation area was being used to determine SES. Findings from the regression models are reported as adjusted rate ratios (RRs) with 95% confidence intervals (CIs). Additional analyses using the same methods included evaluation of temporal trends in hospitalizations for non-MS-related reasons in both populations, and MS-related and non-MS-related reasons in the MS population.
Using a logistic regression model with generalized estimating equations to account for repeated hospitalizations by individuals, we evaluated the association between year of admission and reason for admission (MS-related vs not MS-related). We excluded hospitalizations that were possibly MS-related (n 5 649). To ensure adequate cell sizes, year was categorized as previously described. Covariates included sex, age at observation year, and SES in quintiles. We report odds ratios and 95% CIs.
Statistical analyses used SAS 9.2 (SAS Institute Inc., Cary, NC). (20.20; 20.23, 20.17) . In 2011, the hospitalization rate was only 41% lower than in 1984.
RESULTS
In both cohorts, hospitalization rates were lower in men than in women (RR 0.84; 0.76-0.93) and increased with age (table 2 shows age-specific rates for 2011). Due to an interaction between population 
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and both year and age (both p , 0.0001), we constructed separate regression models for the 2 populations (table 3) . After adjustment for sex, age, and SES, we still observed higher hospitalization rates in both populations at the beginning of the study period than at the end. Findings were unchanged after adjustment for other health care utilization (table e-1).
Compared to 2010-2011, the risks of hospitalization in the MS population were 2-fold higher in 1984-1989, while they were 1.3-fold higher in the matched population. In the MS population, older age and lower SES were associated with higher hospitalization rates. The magnitude of the associations between hospitalizations and age and SES differed in the matched population. Although persons with MS aged $60 years had only 1.5-fold the hospitalization rate of persons ,40 years, persons in the matched population aged $60 years had 3-fold the hospitalization rate.
Reasons for hospitalization. In the MS population, 20.6% of 14,061 hospitalizations over the study period were MS-related, 4.6% were possibly MSrelated, and 74.8% were non-MS-related. Hospital admissions for MS-related reasons declined annually at a similar rate (20.39; 20.46, 20.32 ) to hospitalizations for non-MS-related reasons (20.37; 20.44, 20.30 , see figure e-1). The annual proportion of admissions for MS-related reasons decreased from 43.4% in 1984 to 7.8% in 2011. An individual with MS who was hospitalized in 1984-1989 was 80% less likely to be admitted for reasons unrelated to MS than in 2010-2011 (table e-2). Older age was associated with increased odds of being admitted for non-MS-related rather than MS-related reasons.
As for all-cause hospitalizations, we evaluated temporal trends in rates of hospitalization for MS-related reasons in a regression model (table 3) . Hospitalization rates were 8-fold higher in 1984-1989 than in 2010 or later. These temporal trends persisted after adjusting for sex, age, SES, and other health care utilization (table e-1), or when MS-related admissions were defined solely by the primary discharge diagnosis (table e-3). After adjusting for year, sex was not associated with rates of hospitalization for MS-related reasons. Compared to persons ,40 years of age, persons aged $60 years were less likely to be hospitalized for MS-related reasons. A slightly steeper dose-response relationship was observed between MS-related hospitalization rates and lower SES than we observed for allcause hospitalizations.
We further classified the non-MS-related hospitalizations over the entire study in both populations according to ICD-9 chapters (table 4). The 3 most common reasons for admission in the MS population were diseases of the digestive, genitourinary, and circulatory systems. In the matched controls, the most common reasons for admission were diseases of the circulatory and digestive systems, and neoplasms. Compared to the matched population, the MS population was more likely to be hospitalized for diseases of the nervous system, skin conditions, infections, diseases of the genitourinary system, and injury. We then evaluated admissions for bacterial pneumonia, influenza, urinary tract infections, and pressure ulcers; all occurred more often in the MS population (table e-4). However, the MS population was less likely to be hospitalized for several conditions, most notably diseases of the circulatory system and neoplasms. In further evaluating the disparity in admissions for circulatory system diseases, we found that the MS population was 33% less likely to be admitted 24 We found that 56.8% of the MS population was hospitalized during the more than 25-year study period, excluding admissions related to pregnancy and longterm care, substantially exceeding the frequency of hospitalizations in the matched population. All-cause hospitalization rates declined more over time in the MS population than in the matched population, and individuals with MS were less likely to be admitted for MS-related reasons over time.
In both populations older age was associated with increased all-cause hospitalization rates, consistent with expectations in the general population 14 and with prior reports in the MS population in British Columbia, Canada. 13 However, older age was not associated with increased hospitalizations for MS-related reasons. Lower SES was associated with increased rates of allcause hospitalizations in both populations and with MS-related hospitalizations in the MS population. Even in countries with universal health care, SES is associated with health care utilization in the general population. 25 In a Swedish study of MS-related hospitalizations, the risk of hospitalization was slightly lower among men (standardized incidence ratio 0.83; 0.73-0.94) and women (0.91; 0.84-0.98) with higher levels of education. 26 Given that both Sweden and Canada have universal health care, the stronger relationship we observed may reflect the use of income rather than education as a measure of SES. Figure 1 Annual rate of hospitalizations in the multiple sclerosis (MS) and general populations
All-cause hospitalizations declined sharply in the MS population over time, and the observed declines exceeded those observed in an age-, sex-, and geographically matched cohort from the general population. In the general population, age-standardized acute care hospitalization rates and LOS across Canada have declined over the last 10 years. 14 The delivery of care has changed over time; for example, many elective surgeries have shifted from inpatient to outpatient day surgery settings. Admission rates for cardiovascular and cerebrovascular disease have declined as have in-hospital mortality rates, suggesting improvements in care for some conditions 27 and improved community supports. 28 In the MS population, the rates of decline in hospitalizations were similar for both MS-related and non-MS-related reasons; however, the proportion of MS-related admissions was lower in 2011 than in 1984. The most substantial declines in hospitalization rates preceded the introduction of disease-modifying therapies; thus, the observed declines may reflect changes in health care delivery, including administration of IV therapy for relapses in the outpatient rather than the inpatient setting, increased use of home care services, or improved symptom management. A study from British Columbia, Canada found that all-cause hospitalizations in the MS population decreased 1.4% annually over the period 1986 to 2008; MS-related hospitalizations also declined. However, an American study reported that the annual number of admissions with MS as the primary or secondary diagnosis increased from 102,473 in 2001 to 144,716 in 2010. However, the findings of this study are difficult to interpret since they lacked knowledge of the prevalence of MS and could not calculate hospitalization rates. A rise in the prevalence of MS, as reported elsewhere, 29 could lead to an apparent increase in number of admissions without an increase in rates.
We also found that hospital LOS declined over time in the MS population, consistent with an American study but contrasting with findings from British Columbia. 6, 13 The reasons for the discrepancy are uncertain but may reflect differences in the hospitalizations studied or the proportion of admissions for MS-related reasons. We excluded hospitalizations for pregnancy and long-term care. The proportion of admissions that were short (1-8 days long) increased 20% for MS-related reasons and 8.4% for non-MS-related reasons; therefore, the most dramatic changes in LOS have been for MS-related admissions. Admissions for bacterial pneumonia, influenza, urinary tract infections, and pressure ulcers were more common in the MS population than in the matched population, consistent with findings in Sweden 30 and reported higher risks of pneumonia, pressure ulcers, and urinary tract infections on death certificates of the MS population compared to the general population. 31 This suggests that specific efforts to prevent these conditions are warranted. Admissions for cancer and circulatory system diseases were lower in the MS population. The lower frequency of admissions for cancer is consistent with the lower reported incidence of cancer in the MS population. 32 However, the lower frequency of admissions for circulatory diseases was not. We previously reported an increased incidence and prevalence of ischemic heart disease in the MS population but did not examine hospitalizations for ischemic heart disease specifically. 33 Two American studies reported that hospitalizations for ischemic heart disease occurred less often than expected in persons with MS. 34, 35 Our finding that cardiac revascularization procedures were less common in the MS population raises questions regarding differences in disease severity or in perceived procedural risks.
Limitations of this study should be considered. We lacked clinical data regarding such factors as disability status. We also lacked individual level measures of SES, but the area-based measures of SES we used are associated with health status 36 and give similar results to individual level measures when geographic units are small and capture a homogenous population. 37 Also, we did not evaluate the impact of such therapies on changes in hospitalization rates at the individual level. Although this is an important issue, it would require a different study design. We also did not evaluate the impact of specific comorbidities on hospitalization rates due to challenges in consistently identifying comorbidities over the entire study period. Nervous system disorders were a more common non-MS-related reason for admission in the MS population, suggesting that some admissions that were classified as non-MS-related may have been MS-related. However, several nervous system disorders such as stroke and migraine would be expected to occur in the MS population. [38] [39] [40] Since nervous system disorders accounted for ,4% of all non-MSrelated admissions over more than 25 years, it is unlikely that any misclassification influenced our findings. Findings may differ in other regions and replication is needed. Strengths of this study include the population-based design, the use of a matched cohort from the general population for comparisons, and the study duration. Hospitalization rates have declined dramatically in the MS population over time, exceeding the declines in hospitalizations in the general population. As MSrelated admissions accounted for fewer than 8% of admissions in 2011, efforts to further reduce hospitalizations will need to be directed at preventing complications such as infection.
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